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54+$, lv wkh joredo pd{lpxp ri d sduwlfxodu furvv0fryduldqfh ixqfwlrq zlwk
uhvshfw wr odj ohqjwk1 Lq sudfwlfh/ wklv pd{lpxp frxog eh d glvfrqwlqxrxv ixqfwlrq ri wkh sdudphwhuv ri
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derxw wkh srlqw hvwlpdwh/ n￿
54+$,1
56Iru d glvfxvvlrq ri wkh Krgulfn0Suhvfrww ￿owhu/ vhh Krgulfn dqg Suhvfrww +4<<:,1
￿S|￿i hit￿*|t ￿? 6￿}￿hi D_ ￿L￿*_ *i@_ L?i |L i TiU| |￿@| ￿? |￿i |￿4i _L4@￿? UhLtt￿UL￿@h￿@?Ui
Mi|￿ii? L￿|T￿| @?_ ￿?￿it|4i?|c ￿?￿it|4i?| *i@_t L￿|T￿|￿ ￿￿|c ?L| @** uhi^￿i?U￿it hiUi￿￿i
i^￿@* ￿i￿}￿| ￿? |￿i UhLtt￿UL￿@h￿@?Ui￿ A￿i ￿i￿}￿| @tt￿}?i_ |L uhi^￿i?U) / ￿t ThLTLh|￿L?@* |L
|￿i }@￿?c oE/￿c @| |￿@| uhi^￿i?U) Etii |￿i ￿TTi?_￿ ￿￿ 6￿}￿hi SM i ￿￿M￿|t oE/￿ @?_ t￿L￿t |￿@|
￿| |@!it L? ￿|t *@h}it| ￿@*￿i ￿? |￿i *L￿ih h@?}i Lu |￿i M￿t￿?itt U)U*i uhi^￿i?U￿it￿ A￿￿t T@||ih?
￿? |￿i }@￿? u￿?U|￿L?c }￿￿i? |￿@| &W
2￿E/￿ : f ￿? |￿i M￿t￿?itt U)U*i uhi^￿i?U￿itc i T*@￿?t ￿￿) ￿|
￿t |￿@| |￿i |￿4i _L4@￿? UL￿@h￿@?Ui Mi|￿ii? ￿?￿it|4i?| @?_ L￿|T￿| i ￿￿M￿|i_ ￿? 6￿}￿hi S@
t￿L￿t ￿?￿it|4i?| *@}}￿?} L￿|T￿|￿
e￿2￿ ,t|￿4@|￿L? @?_ Ait|￿?} +it￿*|t
￿@h@4i|ih it|￿4@|it uLh |￿i 4L_i* @hi hiTLh|i_ ￿? A@M*i 2￿ A￿ihi @hi |￿L ?L|@M*i ui@|￿hit ￿?
|￿iti hit￿*|t￿ 6￿ht|c @t ￿? |￿i ￿?￿￿@h￿@|i @?@*)t￿tc |￿i _@|@ Thiuih |￿i |￿4i￿|L￿T*@? tTiU￿￿U@￿
|￿L? Lu ￿?￿it|4i?|c ￿￿i￿c ￿￿ ￿ f￿ A￿i L|￿ih ￿￿<t @hi @*tL t￿4￿*@h @UhLtt ￿?￿￿@h￿@|i @?_ M￿￿@h￿@|i
@?@*)tit￿ 5iUL?_c |￿i it|￿4@|i_ 4L_i* @tt￿}?t @ hi*@|￿￿i*) ￿￿}￿ ￿@h￿@?Ui |L |￿i }L￿ih?4i?|
UL?t￿4T|￿L? t￿LU!￿ A￿i t|@?_@h_ _i￿￿@|￿L? Lu |￿i ￿??L￿@|￿L? |L |￿￿t t￿LU!c j}c ￿t ?i@h*)
￿ |￿4it *@h}ih |￿@? |￿i it|￿4@|i LM|@￿?i_ M) ￿￿h￿t|￿@?L @?_ ,￿U￿i?M@￿4 E￿bb2￿ ￿t￿?} |￿i
}L￿ih?4i?| UL?t￿4T|￿L? _@|@￿ ￿| |￿i t@4i |￿4ic |￿i it|￿4@|i_ t|@?_@h_ _i￿￿@|￿L? Lu |￿i
￿??L￿@|￿L? |L |￿i |iU￿?L*L}) t￿LU! ￿t L?i￿|￿￿h_ t4@**ih |￿@? ￿i LM|@￿?i_ ￿? |￿i L?i￿t￿LU!
@?@*)t￿t￿
AL ￿i*T ￿?_iht|@?_ |￿iti ￿?_￿?}tc ￿i UL?t|h￿U|i_ 6￿}￿hit .@￿._￿ A￿Lti ￿}￿hit hiTLh|
|￿i tTiU|h@* ThLTih|￿it Lu |￿i _@|@c @t ￿4T*￿i_ M) |￿i it|￿4@|i_ V￿+E￿f￿c |￿i it|￿4@|i_ |￿L￿
t￿LU! 4L_i* @?_ |￿L Tih|￿hM@|￿L?t L? |￿@| 4L_i*￿ A￿i ￿ht| Tih|￿hM@|￿L?c *@Mi*i_ k￿ 4L_i*c
ti|t |￿i ￿?￿it|4i?| ￿i￿}￿|t |L k)_*@?_ @?_ ￿hitUL||<t ￿@*￿it Lu ￿￿ ’f ￿2D uLh ￿ ’￿ c￿￿￿cec @?_
*i@￿it |￿i L|￿ih T@h@4i|iht ￿?U￿@?}i_ uhL4 |￿i￿h it|￿4@|i_ ￿@*￿it￿ A￿i tiUL?_ Tih|￿hM@|￿L?
ti|t |￿i T@h@4i|iht Lu |￿i i L}i?L￿t t￿LU! ThLUittit ￿? |￿i it|￿4@|i_ 4L_i* |L |￿i ￿@*￿it
￿ti_ M) ￿￿h￿t|￿@?L @?_ ,￿U￿i?M@￿4 E￿bb2￿c @?_ ti|t |￿i hi4@￿?￿?} T@h@4i|ih ￿@*￿it @|
|￿i￿h it|￿4@|i_ ￿@*￿it￿ 5￿?Ui |￿i T@h@4i|ih ￿@*￿it Lu |￿￿t 4L_i* @hi t￿4￿*@h |L |￿Lti ￿? |￿i
4L_i* Lu ￿￿h￿t|￿@?L @?_ AL__ E￿bbS￿c ￿i hiuih |L ￿| @t |￿i ￿A 4L_i* ￿? |￿i ￿}￿hi￿2e 6Lh
UL?￿i?￿i?Uic |￿i T@h@4i|ih ￿@*￿it @ttLU￿@|i_ ￿￿|￿ L￿h Tih|￿hMi_ 4L_i*t @hi t￿44@h￿3i_ ￿?
A@M*i 2￿
AL ￿?_iht|@?_ ￿￿) |￿i it|￿4@|￿L? ThLUi_￿hi ti*iU|t |￿i |￿4i￿|L￿T*@? tTiU￿￿U@|￿L? Lu
57Wkh sdudphwhuv lq FW prgho duh vrphzkdw gl￿huhqw iurp wkrvh lq wkh prgho Fkulvwldqr dqg Wrgg
+4<<9, lq wkdw wkh FW prgho lqfrusrudwhv wkh kxps0vkdsh lq !5>! 6>! 7 lpsolhg e| wkh hvwlpdwhg prgho1
FW lv ghvljqhg vr wkdw d frpsdulvrq ri wkh FW dqg wkh hvwlpdwhg prghov doorzv rqh wr irfxv rq wkh lpsdfw
ri wkh kljk hvwlpdwhg vkrfn yduldqfhv1
￿.￿?￿it|4i?|c ￿i UL4T@hi |￿i k￿ @?_ it|￿4@|i_ |￿L￿t￿LU! 4L_i*<t @M￿*￿|) |L hiThL_￿Ui |￿i
tTiU|h@* ThLTih|￿it Lu |￿i _@|@c @t U@T|￿hi_ M) |￿i V￿+E￿f￿￿ A￿4i￿|L￿T*@? @TTi@ht |L T*@)
|￿L hL*it ￿? |￿i it|￿4@|i_ 4L_i*￿ 6￿ht|c @t ￿? |￿i ￿?￿￿@h￿@|i @?@*)t￿tc ￿| ￿i*Tt @UUL44L_@|i
|￿i ?i}@|￿￿i t*LTi Lu |￿i tTiU|h￿4 Lu *L}Et|*t|3￿￿ EUL4T@hi g￿ ￿￿|￿ it|￿4@|i_ 4L_i* ￿?
6￿}￿hi .@￿￿ 5iUL?_c |￿4i￿|L￿T*@? ￿i*Tt |￿i 4L_i* |L hiThL_￿Ui |￿i i￿￿_i?Ui |￿@| ￿?￿it|4i?|
*@}t L￿|T￿| ￿? |￿i M￿t￿?itt U)U*i uhi^￿i?U￿it￿ A￿￿t U@? Mi tii? ￿? |￿i 4L_i* ULhhi*@|￿L?
u￿?U|￿L? _￿tT*@)i_ ￿? 6￿}￿hi S@ @?_ ￿? |￿i TLt￿|￿￿i T￿@ti @?}*i _￿tT*@)i_ ￿? M￿t￿?itt U)U*i
uhi^￿i?U￿it Etii 6￿}￿hi ._￿￿ 5|￿**c |￿i 4L_i* _Lit ?L| }L u@h i?L￿}￿G ￿|t ￿4T*￿i_ T￿@ti @?}*i
￿t t4@**ih |￿@? |￿@| Lu |￿i V￿+E￿f￿c @?_ 6￿}￿hi S@ t￿L￿t |￿@| ￿?￿it|4i?| *@}t L￿|T￿| M)
*itt ￿? |￿i it|￿4@|i_ 4L_i* |￿@? ￿| _Lit ￿? |￿i _@|@￿2D
AL ￿?_iht|@?_ ￿￿) L￿h it|￿4@|￿L? ThLUi_￿hi @tt￿}?t @ hi*@|￿￿i*) *@h}i ￿@h￿@?Ui |L |￿i
}L￿ih?4i?| UL?t￿4T|￿L? t￿LU!c ￿i UL4T@hi |￿i it|￿4@|i_ |￿L￿t￿LU! 4L_i* ￿￿|￿ |￿i ￿A
4L_i*￿ W? |￿i ￿A 4L_i*c |￿i }L￿ih?4i?| t￿LU! ￿@t *L￿ ￿@h￿@?Ui @?_ tL ￿| UL?|h￿M￿|it
￿ih) *￿||*i |L |￿i 4L_i*<t _)?@4￿Ut￿ Wu |￿i ￿@h￿@?Ui Lu |￿@| t￿LU! ￿ihi @U|￿@**) 3ihLc |￿i
4L_i* ￿L￿*_ Mi t￿?}￿*@hc @?_ |￿i UL￿ihi?Ui ￿L￿*_ Mi ￿?￿|) @| @** uhi^￿i?U￿it￿ W? u@U|c
j} ￿? |￿i ￿A 4L_i* ￿t t4@** @?_ TLt￿|￿￿i @?_ |￿￿t ￿t ￿￿) ￿|t ￿4T*￿i_ UL￿ihi?Ui ￿t U*Lti |L
￿?￿|)￿ A￿i hi*@|￿￿i*) ￿￿}￿ ￿@*￿i Lu j} ￿? |￿i it|￿4@|i_ |￿L￿t￿LU! 4L_i* hit￿*|t ￿? @ *L￿ih
UL￿ihi?Ui￿2S ￿*|￿L￿}￿ |￿i UL￿ihi?Ui u￿?U|￿L? @TTi@ht |L ￿@￿i T*@)i_ @? ￿4TLh|@?| hL*i ￿?
_h￿￿￿?} |￿i it|￿4@|i_ ￿@*￿it Lu |￿i i L}i?L￿t t￿LU! ￿@h￿@?Uitc 6￿}￿hi .U t￿L￿t |￿@| |￿i
4L_i* ?i￿ih|￿i*itt ￿@t _￿￿U￿*|) 4@|U￿￿?} |￿i t|iiT t*LTi Lu |￿@| u￿?U|￿L?￿ W? T@h|￿U￿*@hc
|￿i 4L_i* ￿@t _￿￿U￿*|) @UUL44L_@|￿?} |￿i ￿￿}￿ UL￿ihi?Ui ￿? |￿i *L￿ih i?_ Lu |￿i M￿t￿?itt
U)U*i uhi^￿i?U￿it Etii 6￿}￿hi .U￿￿ A￿iti hit￿*|t t￿}}it| |￿@| E￿￿ @ }LL_ 4L_i* 4￿t| ￿@￿i 4Lhi
|￿@? L?i t￿LU!c tL @t |L Mi @M*i |L 4@|U￿ |￿i *L￿ UL￿ihi?Ui u￿?U|￿L? L￿|t￿_i |￿i M￿t￿?itt
U)U*i @?_ E￿￿￿ UL￿ihi?Uit ￿? |￿i M￿t￿?itt U)U*i t￿L￿*_ ?i￿ih|￿i*itt Mi ￿￿}￿￿ ￿￿h 4L_i* ￿@t
_￿￿U￿*|) t@|￿tu)￿?} E￿￿ @?_ E￿￿￿ t￿4￿*|@?iL￿t*)￿2.
58Lqwhuhvwlqjo|/ wkhuh lv rqh glphqvlrq lq zklfk wlph0wr0sodq dsshduv wr kxuw prgho ￿w1 Dffruglqj wr
Iljxuh :e/ wlph0wr0sodq uhgxfhv wkh delolw| ri wkh prgho wr dffrpprgdwh wkh vwhhs vorsh lq wkh vshfwuxp ri
orj+Lw@\w,= E| frpsdulvrq zlwk NS> wkh hvwlpdwhg prgho ryhuvwdwhv wkdw vshfwuxp lq wkh kljkhu iuhtxhqflhv1
Hylghqwo|/ wklv frqvlghudwlrq grhv qrw sod| dq lpsruwdqw uroh lq hvwlpdwlrq1 Suhvxpdeo| wklv lv ehfdxvh/
dffruglqj wr +514,/ wkh zhljkw dvvljqhg lq wkh hvwlpdwlrq fulwhulrq wr wkh vshfwuxp ri oq+Lw@\w, lv sursruwlrqdo
wr wkh ohyho ri wkh fruuhvsrqglqj hpslulfdo hvwlpdwh1 +Vhh L lq +514, dqg +51;,1, Dffruglqj wr Iljxuh 8e/ wkh
odwwhu lv h{wuhpho| vpdoo lq wkh kljkhu iuhtxhqflhv e| frpsdulvrq wr zkdw lw lv lq wkh orzhu iuhtxhqflhv +qrwh
wkdw Iljxuh :e uhsruwv wkh orj ri wkh vshfwuxp,1
59Udlvlqj ￿j lv sduwlfxoduo| h￿hfwlyh lq uhgxflqj frkhuhqfh iru d vhfrqg uhdvrq1 Lq wkh prgho/ jryhuqphqw
vshqglqj vkrfnv jhqhudwh d qhjdwlyh fruuhodwlrq ehwzhhq lqyhvwphqw dqg rxwsxw/ zkloh wkh whfkqrorj| vkrfn
jhqhudwhv d srvlwlyh fruuhodwlrq1 Iru d ixuwkhu glvfxvvlrq ri wklv surshuw| ri wkh prgho/ vhh Fkulvwldqr dqg
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￿￿Figure 1: Spectrum of ln(Yt=Yt−1)
































1Figure 2: Diagnosing Fit of One-Shock RBC Models



























Notes: (i) Unrestricted RBC, Low  results of estimation of one-shock RBC model
with three free parameters estimated with vj 6=0in (2.3) only for low frequencies.
High  vj 6=0only for high frequencies; Business Cycles  vj 6=0only for business
frequencies; All  vj 6=0for all frequencies.
(ii) Restricted RBC  results of estimation of one-shock RBC model with only shock
innovation variance free and vj =1for all j:
(iii) Unrestricted ARMA(4,8)  results for unrestricted reduced form. Reproduced from Figure 1.
(iv) Grey area  95% condence interval for unrestricted ARMA(4,8). Reproduced from Figure 1.
2Figure 3: Cumulative Likelihood Ratio, One Shock Case






















Notes: (i) Figure displays (2.10) for each of the three indicated models.
(ii) Christiano-Todd  time-to-build model with z estimated with vj = 1 in (2.3) for all frequencies
and 1 =0 :01 and 2 = 3 = 4 =0 :33:
(iii) Estimated Time-to-Build  time-to-build model with fz; 1; 2; 3g estimated with
vj =1in (2.3) for all frequencies.
(iv) Restricted RBC  See notes to Figure 2.
(v) CV  critical values for Chi-square distribution with 12 degrees of freedom.
3Figure 4: Diagnosing Fit of Estimated Time-to-Build Model

































Notes: (i)Unrestricted ARMA(4,8)  results for unrestricted reduced form. Reproduced from Figure 1.
(ii) Grey area  95% condence interval for unrestricted ARMA(4,8). Reproduced from Figure 1.
(iii) Restricted RBC  Reproduced from Figure 2.
(iv) Estimated Time-to-Build  See notes to Figure 3.
4Figure 5a: Spectrum of ln(Yt=Yt−1) Figure 5b: Spectrum of ln(It=Yt)








































Figure 5c: Coherence For ln(Yt) and ln(It) Figure 5d: The Phase Relationship in units of time
For ln (It) and ln(Yt−k)



























Notes: (i) Unrestricted VAR(10)  thick line. (ii) Condence Intervals  Grey Area.
(iii) Periodogram  x's. Periodogram from Figure 5a reproduced from Figure 1.
5Figure 6a: Correlation Between Figure 6b: Gain of Cross-Spectrum
HP-Filtered ln(It) and ln(Yt−k) Between ln(It) and ln(Yt)










































Notes: (i) Unrestricted VAR(10)  thick line. (ii) Estimated Model  thin line.
(iii) CT  circles. (iv) KP  squares.
6Figure 7a: Spectrum of ln(Yt=Yt−1) Figure 7b: Spectrum of ln(It=Yt)








































Figure 7c: Coherence For ln(Yt) and ln(It) Figure 7d: The Phase Relationship in units of time
For ln (Yt) and ln(It)



































Notes: (i) Unrestricted VAR(10)  thick line. (ii) Estimated Model  thin line.
(iii) CT  circles. (iv) KP  squares.
(v) Condence Interval and VAR(10) reproduced from Figure 5.
7Figure 8: Cumulative Likelihood Ratio, Two-Shock Case























Notes (i) Actual Cumulative Likelihood Ratio  Equation (2.10) evaluated at the
indicated frequencies. (ii) Adjusted Cumulative Likelihood Ratio  See text.
(iii) CV  critical values for Chi-square distribution with 39 degrees of freedom.
8Figure 9: Cumulative Likelihood Ratio Two-Shock Case, Log(I/Y)















Note: Actual Cumulative Likelihood Ratio  Equation (2.10) evaluated at the
indicated frequencies using the univariate spectra for log(I/Y).
9Figure 10: Various Measures of the Phase Angle,As a Function of Frequency
0 0.5 1 1.5 2 2.5 3
w
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2p  
Notes: Solid Lines  21(!;0). Stars  21(!;0:06);.  21(!;0:3).
(ii) For further discussion, see Appendix A.
10Figure 11: Covariance Function for the Data
Notes: (i) C21(k;!)=Ey2;ty1;t−k; where y1t is frequency-! component of ln(Yt)
and y2t is frequency-! component of ln(It): (ii) Stars  k21(!;0:15):
(iii) For further discussion, see Appendix A.
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